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Summary
Objectives: To describe the structure-pain and structure-function associations in isolated patellofemoral osteoarthritis (PF OA).
Design: Population-based study of 819 adults aged 50 years with knee pain. The severity of knee pain, stiffness and disability were mea-
sured using the Western Ontario and McMaster Osteoarthritis Index (WOMAC). Three radiographic views of the knee were obtained.
Results: Isolated PF OA was mild in 142 participants and moderate/severe in 44. Mean WOMAC scores for pain, stiffness and function were
associated with radiographic severity of PF OA (F2,389¼ 4.7, P¼ 0.01; F2,392¼ 4.5, P¼ 0.012 and F2,392¼ 6.1, P¼ 0.002, respectively, ad-
justed for age, gender, and body mass index (BMI)). Post-hoc tests demonstrated statistically signiﬁcant differences for mean pain, stiffness
and function score between those with mild PF OA and those with normal X-rays. In task-speciﬁc items there was evidence of a stepped re-
sponse, the proportion of participants with moderate/severe/extreme pain or difﬁculty in performing everyday tasks increasing with the severity
of PF OA. The strongest association was observed for pain going up and down stairs (age-gender-BMI adjusted odds ratio (OR) 3.0; 95%
conﬁdence interval (CI) 1.4,6.6. Functional tasks most strongly related to radiographic severity were: descending stairs (OR 3.2; (CI
1.5,6.5)), getting in/out of the bath (3.2; 1.5,6.6), getting in/out of a car (3.0; 1.4,6.1).
Conclusions: Mild isolated PF OA is signiﬁcantly associated with symptoms of pain, stiffness and functional limitation. Further research on its
recognition in clinical practice and the development of targeted treatments to prevent or slow progression are warranted.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Over 15 years ago McAlindon highlighted the importance of
the patellofemoral (PF) joint1 in knee osteoarthritis (OA),
a view reinforced in a recent review article2. However, pop-
ulation studies investigating knee OA over the last two de-
cades have often restricted imaging to the tibiofemoral
(TF) joint. In those that have imaged the PF joint, the asso-
ciation between PF OA and symptoms and functional limita-
tion remains unclear. While an association between the
presence and severity of PF OA, particularly osteophytes,
and the occurrence of knee pain3,4, and functional limita-
tion1 has been reported in the general population, one re-
cent study among adults with symptomatic knee OA found
signiﬁcantly higher pain severity and functional limitation
only in those with combined PF and TF OA, not in those
with isolated PF OA5.
In our cohort of older people with knee pain drawn from
the general population, we have previously found a consis-
tent association between increasing symptom severity and
the presence of radiographic knee OA6, more recently re-
porting severity of OA to be associated with increasing
symptoms of pain and functional limitation7.
Although isolated PF OA was a common pattern within
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1151between symptom severity and radiographic severity in the
PF joint after excluding co-occurring TF OA. This was the
speciﬁc aim of the current paper. The association was
investigated using (1) an overall grading score for symp-
toms and (2) individual task-speciﬁc questions.Methods
The Clinical Assessment Study of the Knee (CAS-K) is a prospective ob-
servational cohort study of people with knee pain, sampled from the general
population. All patients aged 50 years and over registered with three general
practices in North Staffordshire, UK, were invited to take part in a two-stage
postal survey. Almost all patients in the UK are registered with a general
practitioner, and local registers provide a convenient sampling framework
for the open population irrespective of any consultation they have had. Re-
spondents to this survey phase who indicated that they had experienced
knee pain within the previous 12 months were invited to attend a research
clinic for a detailed assessment. This consisted of clinical interview, physical
examination, digital photography, plain radiographs, anthropometric mea-
surement and a brief self-complete questionnaire. Detailed descriptions of
the study, and recruitment and retention of participants have been previously
published8,9. Ethical approval was obtained for all phases of the study.DATA COLLECTIONClinical data
The 24-item Western Ontario and McMaster Universities (WOMAC) OA
Index Likert version 3.0 was used to gather information on severity of knee
pain, stiffness and function10,11. Each item had ﬁve response options
(none, mild, moderate, severe, extreme) and yields total subscale scores
for pain (ﬁve items, total score 0e20), stiffness (two items, total score
0e8) and function (17 items, total score 0e68). Body mass index (BMI)
was calculated from weight and height measured at the assessment clinic
and categorised into under/desirable, overweight and obese (BMI 24.9,
25e29.9 and 30 kg/m2, respectively).
Table I
K&L scores
Grade 0 None No features of OA
Grade 1 Doubtful Minute osteophyte, doubtful signiﬁcance
Grade 2 Minimal Deﬁnite osteophyte, unimpaired joint space
Grade 3 Moderate Moderate diminution in joint space
Grade 4 Severe Joint space greatly impaired with sclerosis
of subchondral bone
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A weight bearing posteroanterior (PA) semiﬂexed view12, a skyline and
a lateral view were obtained of the knee. The skyline and lateral views
were taken with the participants in a supine position, the knee ﬂexed to
45 using a wedge for accuracy. Films were obtained in the radiology depart-
ment at the University Hospital of North Staffordshire, Stoke on Trent, UK, by
a team of six radiographers who had undergone training to standardise the
X-rays and who met for regular quality control sessions.
Radiographic scoring
A single reader (RD) scored all study ﬁlms blinded to all clinical and ques-
tionnaire data. The TF joint was assessed using the PA view and the poste-
rior compartment of the lateral view. The PF joint was assessed using the
skyline and lateral views. On the basis of the authors’ original written descrip-
tion, a Kellgren and Lawrence (K&L) grade was assigned to the PA and sky-
line views (Table I)13. This description of the K&L scoring was used in
preference to that published in 195714 as it describes which features belong
to each grade, which had previously been unreported.
In the lateral view, superior and inferior patellar osteophytes were scored
using a standard atlas15. Osteophytes on the posterior tibial surface do not
appear in the atlas but were judged on a similar basis of severity as other
osteophytes in the lateral view. The scoring methods used enabled a single
score to be attributed to OA of the PF joint. The PF and TF joints were de-
ﬁned as normal, mild OA or moderate/severe OA (Table II).
Intraobserver and interobserver repeatability was assessed in 50 partici-
pants (100 knees); the second reader for the interobserver assessment
(PC) had previous experience of grading knee radiographs. Unweighted
kappa coefﬁcients were calculated. Intrareader reliability scores for PA
K&L score, skyline K&L score and lateral osteophytes were very good (un-
weighted k¼ 0.81e0.98); interreader scores were good (k¼ 0.49e0.76).
More detailed results of the repeatability, radiographic scoring and deﬁnitions
have been previously published16.STATISTICAL ANALYSISParticipants with TF OA were excluded. Three mutually exclusive groups
formed the basis for analysis (1) normal, (2) mild isolated PF OA and (3)
moderate/severe isolated PF OA. Analysis of variance (ANOVA) was used
to identify heterogeneity of the overall mean WOMAC pain, stiffness and
function scores between the three radiographic groups described above;
F- and P-values are presented. Analysis was repeated adjusting for age
(50e59/60e69/70e79/80þ years), gender and BMI (24.9/25e29.9/
30 kg/m2). Associations, either crude or adjusted that were statistically sig-
niﬁcant were examined using post-hoc pairwise comparisons to determine
between group differences. WOMAC individual items were dichotomised
into two categories: normal/mild and moderate/severe/extreme. The preva-
lence of ‘‘moderate/severe/extreme’’ pain, stiffness or difﬁculty for each indi-
vidual item was described for each level of radiographic severity. The
association between radiographic severity and moderate/severe/extreme
pain, stiffness or difﬁculty for each item was expressed initially as a crude
odds ratio (OR) with 95% conﬁdence interval (CI). The associations wereTable I
Radiographic severity of
Normal radiographs
PF OA Skyline K&L¼ 0 or 1 Skylin
AND OR
Lateral osteophytes¼ 0 Latera
TF OA PA K&L¼ 0 or 1 PA K&
AND OR
Posterior osteophytes¼ 0 Posterthan adjusted for age (50e59/60e69/70e79/80þ years), gender and BMI
(24.9/25e29.9/30 kg/m2) and adjusted ORs are presented.Results
We have previously reported the recruitment and reten-
tion to the CAS-K study9. Brieﬂy, 819 people attended the
research clinic, of which 777 with full radiographic data
were potentially eligible for analysis (mean age (standard
deviation) 65.5 (8.7) years; BMI 29.6 (5.2) kg/m2; 420 fe-
males). Reasons for ineligibility were: patient declined radi-
ography (2), incomplete radiographic data (total knee
replacement in index knee (15), unlabelled PA views (2),
absent patella (2) and skyline views deemed uninterpret-
able (5)) and existing diagnosis of inﬂammatory arthritis
(16). 246 (32%) had no evidence of radiographic OA in
any compartment. 186 (24%) participants had isolated PF
OA (142 mild, 44 moderate/severe). 345 participants had
TF OA and were excluded from further analysis.ASSOCIATION OF ISOLATED PATELLOFEMORAL OA AND PAIN,
STIFFNESS AND DISABILITYMean WOMAC scores for pain, stiffness and function
were associated with radiographic severity. Heterogeneity
existed between normal, mild and moderate/severe PF
OA for pain (F2,389¼ 4.7, P¼ 0.01), stiffness (F2,392¼ 4.5,
P¼ 0.012) and function (F2,392¼ 6.1, P¼ 0.002); the trend
being strongly linear in all three subgroups (Table III).
Post-hoc tests for pairwise differences, adjusted for age,
gender and BMI, demonstrated statistically signiﬁcant differ-
ences for mean pain, stiffness and function scores between
those with mild PF OA and those with normal X-rays. The
magnitude of differences in mean pain and function scores
between mild and moderate/severe PF OA were just as
great as between normal and mild PF OA but were of bor-
derline statistical signiﬁcance due to the smaller numbers of
participants with moderate/severe PF OA. There was no
statistically signiﬁcant difference in stiffness between those
with mild PF OA and those with moderate/severe PF OA
(P¼ 0.284).ASSOCIATION OF ISOLATED PATELLOFEMORAL OA AND
SPECIFIC TASKS (TABLE IV)Pain
Across the individualWOMACpain items, radiographic se-
verity was associated with moderate/severe/extreme pain
while performing tasks, but not all results were statistically
signiﬁcant. A stepped response occurred, the stronger asso-
ciations being found for moderate/severe OA. Those individ-
uals with moderate/severe PF OA had a 3.0 (1.4,6.6) timesI
PF and TF joint OA
Mild ROA Moderate/severe ROA
e K&L¼ 2 Skyline K&L 3
OR
l osteophytes¼ 1 or 2 Lateral osteophytes¼ 3
L¼ 2 PA K&L 3
OR
ior osteophytes¼ 1 or 2 Posterior osteophytes¼ 3
Table III
Adjusted overall mean WOMAC score for pain, stiffness and function and radiographic severity
Normal Mild ROA Moderate/severe ROA ANOVA Post-hoc pairwise comparisons
WOMAC pain score
N* 218 133 41
Unadjusted WOMAC score 5.07 6.10 7.47 F2,389¼ 7.3
P¼ 0.001
Normal vs Mild: P¼ 0.020
Normal vs Mod/sev: P< 0.0001
Mild vs Mod/sev: P¼ 0.056
Age, gender, BMI
adjusted WOMAC score
4.94 5.89 6.87 F2,389¼ 4.7
P¼ 0.01
Normal vs Mild: P¼ 0.023
Normal vs Mod/sev: P< 0.0001
Mild vs Mod/sev: P¼ 0.049
WOMAC stiffness score
N 220 134 41
Unadjusted WOMAC score 2.03 2.56 2.90 F2,392¼ 5.9
P¼ 0.004
Normal vs Mild: P¼ 0.010
Normal vs Mod/sev: P¼ 0.006
Mild vs Mod/sev: P¼ 0.304
Age, gender, BMI adjusted
WOMAC score
1.88 2.42 2.61 F2,392¼ 4.5
P¼ 0.012
Normal vs Mild: P¼ 0.011
Normal vs Mod/sev: P¼ 0.006
Mild vs Mod/sev: P¼ 0.284
WOMAC function score
N 220 134 41
Unadjusted WOMAC score 15.68 20.29 25.33 F2,392¼ 9.4
P< 0.0001
Normal vs Mild: P¼ 0.004
Normal vs Mod/sev: P< 0.0001
Mild vs Mod/sev: P¼ 0.056
Age, gender, BMI adjusted
WOMAC score
15.54 19.76 23.28 F2,392¼ 6.1
P¼ 0.002
Normal vs Mild: P¼ 0.005
Normal vs Mod/sev: P< 0.0001
Mild vs Mod/sev: P¼ 0.049
N¼ number in the group.
*Due to missing WOMAC data N will vary.
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up and down stairs than those with normal radiographs
(age-gender-BMI adj OR, 95% CI).
Stiffness
The associations between isolated PF OA and stiffness
were much weaker. The only signiﬁcant association was
in those individuals with moderate/severe PF OA who had
a 2.5 (1.2,5.0) (age-gender-BMI adj OR 95% CI) times
greater risk of moderate/severe/extreme stiffness after sit-
ting/lying or resting during the day, compared to individuals
with normal radiographs.
Function
The proportion of participants with moderate/severe/ex-
treme difﬁculty in performing everyday tasks increased
with radiographic severity. In 11 of the 17 individual function
tasks, mild PF OA was signiﬁcantly associated with difﬁculty
in performing tasks. Those tasks most strongly related to
the severity of radiographic OA were (age-gender-BMI adj
OR CI for moderate/severe PF OA vs normal radiographs):
descending stairs 3.2 (1.5,6.5), getting in/out of the bath 3.2
(1.5,6.6), getting in/out of a car 3.0 (1.4,6.1), rising from bed
2.7 (1.3,5.6), ascending stairs 2.6 (1.2,5.3), rising from
sitting 2.6 (1.3,5.2).Discussion
In our cohort of older persons with knee pain, our ﬁndings
suggest that isolated PF OA does matter. An increase in se-
verity of radiographic isolated PF OA is associated with
greater levels of pain, stiffness and functional limitation, after
adjusting for age, gender and BMI. Post-hoc analysesdemonstrated moderate/severe isolated PF OA to be most
strongly associated with symptoms. However, those with
mild isolated PF OA also demonstrated signiﬁcantly higher
levels of pain and functional limitation when compared to
those with normal radiographs. The levels of pain and func-
tional limitation in those with moderate/severe isolated PF
OA are of a similar magnitude (and not statistically signiﬁ-
cantly different) to those previously reported in moderate/se-
vere isolated TF OA and moderate/severe combined TF/PF
OA7, reinforcing the importance of isolated PF OA. Our re-
sults are consistent with those of McAlindon et al.,1 who re-
ported a two- to four-fold increased risk of disability in those
with isolated symptomatic PF OA compared to age-gender
matched controls. However, they conﬂict with those of Sze-
benyi et al.,5 who reported no difference in pain severity or
WOMAC function scores between individuals with isolated
PF OA and those with normal X-rays. This may be due to dif-
fering methodology used between the studies, such as, ra-
diographic views obtained, deﬁnition of radiographic OA
and symptom evaluation. Our results also demonstrate an
association between isolated PF OA and speciﬁc tasks en-
countered in everyday life. Function was affected even in
the presence of mild PF OA, 11 of the 17 tasks evaluating
function were associated with difﬁculty. Those tasks involv-
ing knee ﬂexion whilst weight bearing, appear to be the
most strongly associated with PFOA. Although the collection
of detailed biomechanical measurementswas beyond the re-
mit of this large population study, our results are consistent
with biomechanical studies that demonstrate a consistent re-
lationship between increasing compression forces in the PF
joint and increasing knee ﬂexion17.
Strengths of the current analysis include using two views
to image the PF joint, the ability to restrict analyses to those
with isolated PF OA (although insufﬁcient numbers to sep-
arately examine severe isolated PF OA), and extending
previous task-speciﬁc analyses in TF OA18,19 to PF OA.
Table IV
The association between mild and moderate/severe isolated PF OA and moderate difficulty performing WOMAC tasks
WOMAC task Mild isolated
PF OA, unadjusted
OR (95% CI)
Mild isolated
PF OA adjusted
OR (95% CI)*
Moderate/severe isolated
PF OA, unadjusted
OR (95% CI)
Moderate/severe isolated
PF OA, adjusted
OR (95% CI)*
Pain subscale
Pain walking on ﬂat 1.3 (0.8,2.1) 1.1 (0.7,1.8) 2.3 (1.1,4.4) 1.7 (0.8,3.5)
Pain going up and down stairs 1.6 (1.0,2.4) 1.5 (0.9,2.4) 3.8 (1.8,8.2) 3.0 (1.4,6.6)
Pain at night while in bed 1.1 (0.7,1.8) 1.3 (0.8,2.1) 2.1 (1.0,4.1) 1.7 (0.8,3.6)
Pain on sitting or lying 1.7 (1.1,2.8) 1.7 (1.0,2.9) 2.3 (1.1,4.6) 1.9 (0.9,3.9)
Pain on standing upright 1.5 (0.9,2.4) 1.4 (0.9,2.3) 2.4 (1.2,4.8) 2.0 (1.0,4.2)
Stiffness subscale
Stiffness after waking up in the morning 1.6 (1.0,2.5) 1.7 (1.0,2.7) 2.0 (1.0,3.8) 1.6 (0.8,3.4)
Stiffness after sitting/lying or resting
during the day
1.5 (0.9,2.3) 1.4 (0.9,2.3) 2.7 (1.4,5.2) 2.5 (1.2,5.0)
Function subscale
Difﬁculty descending stairs 1.7 (1.1,2.7) 1.5 (0.9,2.5) 4.3 (2.1,8.5) 3.2 (1.5,6.5)
Difﬁculty ascending stairs 1.5 (1.0,2.4) 1.5 (0.9,2.4) 3.7 (1.9,7.4) 2.6 (1.2,5.3)
Difﬁculty rising from sitting 1.6 (1.0,2.4) 1.5 (0.9,2.5) 3.2 (1.6,6.4) 2.6 (1.3,5.2)
Difﬁculty standing 1.5 (0.9,2.4) 1.4 (0.9,2.4) 2.1 (1.0,4.2) 1.6 (0.7,3.3)
Difﬁculty bending to the ﬂoor 1.6 (1.1,2.5) 1.6 (1.0,2.5) 2.7 (1.3,5.3) 2.2 (1.1,4.6)
Difﬁculty walking on the ﬂat 1.5 (0.9,2.4) 1.4 (0.8,2.3) 2.6 (1.3,5.1) 2.1 (1.0,4.4)
Difﬁculty getting in/out of the car 1.8 (1.1,2.7) 1.7 (1.1,2.8) 3.5 (1.7,6.9) 3.0 (1.4,6.1)
Difﬁculty going shopping 1.5 (0.9,2.3) 1.4 (0.8,2.2) 2.9 (1.5,5.7) 2.2 (1.1,4.6)
Difﬁculty putting on socks/stockings 1.8 (1.1,2.8) 1.7 (1.1,2.9) 2.8 (1.4,5.6) 2.6 (1.3,5.5)
Difﬁculty rising from bed 1.6 (1.0,2.6) 1.6 (1.0,2.5) 3.1 (1.6,6.1) 2.7 (1.3,5.6)
Difﬁculty taking off socks/stockings 2.1 (1.3,3.3) 2.1 (1.2,3.4) 3.0 (1.5,6.0) 2.6 (1.3,5.5)
Difﬁculty lying in bed 1.8 (1.1,3.0) 1.9 (1.1,3.3) 2.7 (1.3,5.5) 2.5 (1.2,5.4)
Difﬁculty getting in/out of bath 1.8 (1.2,2.8) 2.2 (1.3,3.6) 3.7 (1.8,7.4) 3.2 (1.5,6.6)
Difﬁculty sitting 1.6 (1.0,2.7) 1.8 (1.0,3.1) 2.2 (1.0,4.6) 2.1 (1.0,4.7)
Difﬁculty getting on/off toilet 1.8 (1.1,3.0) 1.9 (1.1,3.4) 3.1 (1.5,6.4) 2.5 (1.2,5.3)
Difﬁculty with heavy domestic duties 2.0 (1.3,3.0) 1.8 (1.2,2.9) 2.7 (1.3,5.3) 2.2 (1.1,4.6)
Difﬁculty with light domestic duties 2.3 (1.4,3.7) 2.1 (1.3,3.7) 3.0 (1.5,6.0) 2.6 (1.2,5.4)
*Adjusted for age, gender, BMI.
1154 R. Duncan et al.: Isolated patellofemoral osteoarthritisHowever, there are aspects that deserve detailed critical
comment. Firstly, we relied on plain X-rays only and chose
to apply a K&L score to the skyline view and not to investi-
gate individual features. Secondly, we used WOMAC sub-
scale scores for severity of pain, stiffness and function.
Overlap in item content between the pain and function sub-
scales and concerns over their factor structure have been
highlighted20e22. Although the association between severity
of PF OA and function was seen for functional activities with
no overlapping item content with the pain subscale, the
strength of association between severity of PF OA and
pain severity may still be over-estimated if the latter is ‘‘con-
founded by poor physical functioning’’22. This seems un-
likely to fully explain our results as in a previous analysis
the direction and strength of cross-sectional association be-
tween radiographic severity of whole-knee OA and pain in-
tensity was generally the same whether one used the
WOMAC Pain subscale or 11-point numerical rating scales
that made no explicit mention of activities6.
Isolated PF OA is common7 and appears to have different
risk factors than TF OA23,24. If it is indeed independently as-
sociated with symptoms and function, and forms a relatively
early stage in the process of knee OA, then further research
on its recognition in clinical practice and the development of
targeted treatments and evaluation of their ability to slow or
prevent structural and clinical progression are needed, and
indeed has begun25.Conﬂict of interest
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